Based on hypotheses that athlete development can be variable and non-linear across a longitudinal period, and that 'relatively later maturing players' can reduce or negate developmental differences in later adolescence, this study examined a methodological issue concerning how best to assess anthropometric and fitness change relative to a broader population (i.e., 'across age categories' or 'per year'), and changes in case rugby league players (i.e., ages 13-15) across a 2 year period relative to an age and skill matched population (N = 1,172). Findings identified that a 'per year' method generated less deviated z scores across variables, suggesting less substantial change in case players relative to the population. When applied to additional players, z-score and radar graphs still showed developmental variability and longitudinal change, even within a relatively homogenous sample. The possibility of a 'later maturing player' rapidly reducing developmental differences within a two year period was identified. These findings affirm the potential for highly variable and changing trajectories between adolescent athletes, particular for those of differing maturation status. Practical implications point toward advocating a long-term inclusive tracking approach, the avoidance of (de)selection, and the reduction of a performance emphasis at adolescent stages of sport development systems.
INTRODUCTION
Sporting national governing bodies and professional clubs across the world presently invest considerable economic and human resources in an attempt to identify and develop youthful prodigies that will hopefully become tomorrow's exceptional athletes. To achieve this goal, many organizations have historically deployed systems that identify and differentiate 'adolescent potential' from their counterparts. These systems often include using a combination of anthropometric and fitness testing procedures at one-off single time points (i.e., cross-sectional), alongside subjective coaching/scout assessments. However, the validity of such approaches has been questioned as they often fail to (a) consider differences in the biological development of youth athletes, (b) capture the multi-faceted nature of sport contexts (e.g., perceptual and cognitive skills), and (c) demonstrate a low general ability to predict adult expertise (4, 18, 27) Related to (a), the maturational process (defined as the timing and tempo of progress toward the adult state) can vary substantially between individuals during adolescence. A wealth of evidence shows that variable and unstable anthropometric and physical development typically occurs at between 12-15 years in boys, and 11-14 years for girls (2, 10, 11, 22, 23) . Greater chronological age (years) and relative age (months within a year) increase the likelihood of entering and progressing through maturation earlier, resulting in substantial variation between individuals in anthropometric and fitness variables (3, 15) . Such development may be non-linear and unstable (1, 16) , but are generally predictive of better physical capacities such as aerobic power, muscular strength, endurance and speed (19, 24, 28, 29) , and therefore provide immediate physical performance advantages for most sport contexts (e.g., 12, 13) . Coincidently or ironically, these events occur at a time when many sport Variable and changing trajectories in youth athlete development 4 organizations more intensively deploy their identification and differentiation procedures.
As all youth will eventually progress through maturation, it follows that later maturing (also likely to be relatively younger) individuals could 'catch-up' on anthropometric and fitness variables in later adolescence (e.g., see 9). To illustrate inter-individual variation, changes in developmental trajectories, and the 'later maturing' as being potentially able to 'catch-up' with their 'earlier maturing' counterparts in the later stages of adolescence (i.e., 14-15 years of age), Till improved their anthropometric (e.g., height = +9.2%) and fitness (e.g., 60m sprint = -14.9 %) characteristics more than the earlier maturing (relatively older) player who made less (or detrimental) progress on the majority of characteristics assessed (e.g., height = +2.0 %, 60m sprint = -0.7 %) over the same time period.
In their analysis, Till, K, Cobley, S, O'Hara, J and Cooke, C (25) compared case values for a given measurement (e.g., height, body mass, 30m sprint) against a reference mean value taken from collapsing across the broader cross-sectional cohort (i.e., Under 13 -15). However, a question as to whether this is the most accurate approach to sensitively detect change has been raised. Thus, part one of the current study examined the hypothesis that comparing cases against the mean values 'across age categories' may artificially inflate observed deviations in z scores. Due to a given Variable and changing trajectories in youth athlete development 5 case being potentially quantitatively different from the broader sample at a given time point, which includes players of different ages and stages of biological development, a 'per year' reference calculation was tested and compared (i.e., calculated separate for Under 13, 14 & 15) .
In part two, the aim was to reassess and verify the claimed developmental changes in the anthropometric and physical characteristics as presented by Till et al., (25) applying the 'per year' reference calculation. Compared against the age and skill matched broader sample, changes in anthropometric and fitness characteristics of three youth rugby league players were examined. Akin to our original hypotheses, we predicted that our modified analysis would verify that even within a relatively homogenous sample, (a) developmental variability would be apparent, (b) developmental changes were still feasible within and across the longitudinal period, and (c) relative later maturing players would show a reduction or negation of such differences in later adolescent years. Confirmatory evidence here would help strengthen the broader argument that long-term monitoring of 'adolescent potential' beyond maturation is preferable to one-off 'pre-mature' assessments and (de)selection, if long-term athlete development is an overarching goal of sport systems.
METHODS

Experimental Approach to the Problem
This study (re)investigated the inter-individual variation in the development of anthropometric and fitness characteristics of (a) three original (see 25) , and (b) three new youth rugby league players using an individual and longitudinal case study approach, with data referenced to a broader cohort of aged and skilled matched . This data set contained both longitudinal and cross-sectional data, and respectively cases were drawn for comparison, and set against the broader player cohort to assess differing development trajectories.
Participants
Whether relating to secondary analysis of the original players, or analysis of the new cases, players were deliberately identified according to their maturational status, relative age and playing position. Maturation was classified by Years from Peak Height Velocity (YPHV) in accordance with procedures described by Mirwald, RL, Baxter-Jones, GAD, Bailey, DA and Beunen, GP (14) . For relative age, player's birth-dates were categorised to reflect their birth quartile, with reference to 1 st September as being applied to demarcate annual-age groups. That is, Quartile 1 (Q1) = birth-dates between September-November; Q2 = December-February; Q3 = MarchMay; and Q4 = June-August. Playing position was classified into four sub-groups (i.e., 'Outside-Backs', 'Pivots', 'Props' and 'Backrow'), as used in previous rugby league research (e.g., 21). represents a secondary data analysis, all original procedures (described below) were approved by a University Ethics Committee. All players and parents provided written informed consent before participating in any testing.
Procedures
Anthropometric and fitness data assessments on all case players as well as the broader sample of players were conducted once per year at the same time of day (i.e., early evening) and year (i.e., July) on each occasion. Assessments were conducted on three consecutive years (i.e., Under 13s, 14s & 15s). Prior to testing all participants were instructed to refrain from strenuous activity 48 hours prior to testing and to consume their normal pre-training diet.
Anthropometry
Height and sitting height were measured to the nearest 0.1cm using a Seca Alpha stand. Body mass, wearing shorts only, was measured to the nearest 0.1kg using calibrated Seca alpha (model 770) scales. Sum of skinfold thickness was determined by measuring four skinfold sites (i.e., biceps, triceps, subscapular, Variable and changing trajectories in youth athlete development 8 suprailiac) using calibrated Harpenden skinfold callipers (British Indicators, UK).
Skinfold procedures were in accordance with the recommendations by Hawes, MR and Martin, AD (7) . Intraclass correlation coefficients (ICCs) and typical error measurements (TEM) for reliability of skinfold measurements were r = 0.954 (p<0.001) and 3.2% respectively, indicating acceptable reliability based on established criteria (i.e., > .80; 8).
Maturation (Age at PHV)
To ascertain maturational status, an age at peak height velocity (PHV) prediction equation was used (14) . This prediction method used a gender specific multiple regression equation including height, sitting height, leg length, body mass, chronological age and their interactions. YPHV was calculated by subtracting age at PHV from chronological age.
Fitness Characteristics
Prior to fitness testing a standardised warm up was conducted and all players received full instructions of the tests. For each assessment the highest value of three trials was used. Lower body power was assessed using the vertical jump test (cm) and 
Data Analysis
For part one (i.e., original case players) and part two (i.e., three new case players) of the study, individual anthropometric and fitness profiles were firstly generated for each case player using z scores 1 . Z scores were calculated by the Specifically for part one of the study, z score values for the three case playerson the basis of 'across age category' calculation -were extrapolated from Till et al.,
and compared to z score values from the newly deployed 'per year group' calculation (as described above). A Degree of Change (DOC; 'across age category' -'per year' z score) per variable was then calculated, along with an overall mean DOC across all variables (see Tables 1-3) . To substantiate comparisons, paired t-tests on the mean DOC were also conducted to help determine whether the method of calculating z score values affected the overall assessment of longitudinal development and change in case player profiles.
Specifically for part two, longitudinal profiling on three additional new case players relative to the broader sample of players was conducted. Their raw anthropometric and fitness characteristics data (see Table 4 ) was converted to z scores Table 4 about here*** only Player 1's Mean DOC was marginally affected (t(11)= 3.52; p < 0.05).
RESULTS
Part One
Part Two
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Case Comparisons
Age and Maturation: Table 4 illustrates that player 6 was relatively younger and later maturing (see age at PHV and Y-PHV) when compared to player 5; whom was likewise chronologically and biologically younger than player 4. Although within the same annual age-group, maturational differences between player 6 and 4 during Under 13s can be estimated as being 2.36 years approximately.
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Anthropometric Characteristics: For height, player 4 was over 10cm taller than player 5, and over 19cm taller than player 6. Variation was apparent for the degree of change in height and sitting height from Under 13-15, with player 6 increasing height the most in the period (i.e., player 4 = 3.3cm; player 5 = 13.2cm; player 6 = 15.7cm). To add, the percentage of predicted height indicated that while player 4 was taller across Under 13-15s, he had almost attained his final adult height were tracked over time, and yet had exposure to appropriate training, then they too may also demonstrate 'good potential' a later time point (e.g., Under 16) for invested onward elite training and preparation.
In the present study, the case study approach and selection bias can be considered as limitations. Whilst recognised, the case study approach should also be seen as an appropriate research design to examine differing and variable athlete development trajectories. To help address such concerns, we have utilised a large age and skill matched reference sample to ascertain 'normative' baseline values and guide case evaluations. In terms of selection bias, for study purposes we deliberately identified variable cases. If athlete cases were examined randomly, then it is likely that a 'more average' (e.g., within one standard deviation, or z scores within +1 to -1) player development profile and trajectory would be illustrated. While a majority of players may be less diverse or changeable in their development when aged matched for comparison, this should not mean that variability and change does not occur.
Indeed trajectory change may generally be more detectable over a longer time period (i.e., occurring at a slower pace). Although data was only available up until Under 15s for the present study, on-going research will need to assess the degree of potential variation in anthropometric and physical fitness characteristics at later stages of adolescence and beyond (i.e., 15-20 years of age). Determining whether and how developmental trajectories generally converge or widen (e.g., reduction in sum of skinfolds associated with improvements in fitness parameters), and how many athletes follow such paths will provide additional valuable information.
PRACTICAL APPLICATIONS
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On the basis of present findings, specific implications for sport analysts, coaching practitioners. and development systems can be considered. In relation to part one of the study, monitoring and tracking athlete progress longitudinally using z scores and radar graph procedures may help to better demonstrate the complexity of athlete development, variability, and changes in trajectory relative to a broader sample of athletes. In doing so, it is valuable to consider the method of z score calculation. maturing athletes may close the 'fitness and performance gap').
Athlete development systems which resemble the contexts of Rugby League will have to carefully factor in and control for growth, maturation and development to validate any form of (de)selection and differentiation in youth athletes. This recommends not only measuring and tracking underpinning parameters longitudinally to better ascertain developmental change, but also a 'mind set shift' in practitioners working within such systems. If the desired outcome of developing adult athletes remains, and if there is variability and instability during adolescence (i.e., difficult to assess and predict), then (de)selection of youth during this period needs to be avoided, or at least delayed. Such a recommendation would necessitate the replacement of a present emphasis on immediate performance success in youth, to one of promoting longer-term inclusion and involvement to permit development. Per Year = Z-score in respect to average values of the age-matched player sample (i.e., excluding those outside particular age-group). DOC = Degree of Change (Across 2 Years -Per Year z-score). **= P< 0.001; n.s. = non-significant DOC. 
